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for hollandite II. The space group was suggested as 
C~t~-I4/m, C~-14, S~-I4 in the tetragonal system and 
C~h-I2/m, C~-I2, C3s-Im in the monoclinic system, but 
the structure was derived on the tetragonal basis. 
The morphological measurements on a single crystal 
of hollandite (Fermor's collection :No. J 941 from Kajli- 
dongri) with a two circle goniometer give the values, 
mm'(llO ^ i10) =89 ° 42' + 12' 
and 
ma( l l0  ^  100) =44 ° 36' _ 12'. 
The rotation and zero-layer Weissenberg photographs 
(Fe Ka) about [010] and [100] and equi-inclination 1st 
and 2nd layer Weissenberg photographs about [010] 
show the monoclinic symmetry of the crystal with the 
unit cell 
a=10.02, b=5.76, c=9.89/~;  fl=90 °36". 
The weak odd layers in the b axis rotation photographs 
have also been obtained using Me Ka radiation. The 
conditions limiting possible reflexions are hO1 only with 
h +l =2n, and 0k0 only with k = 2n. This indicates the 
space group P21/n (C~h). The possibility of centering on 
the b face was eliminated by taking a rotation photograph 
about the diagonal axis [101]. The odd layer lines in the 
rotation photograph with [010] as axis are much weaker 
than the even layer lines. The cell dimension about [010] 
appears approximately halved, that is, the molecules 
repeat approximately at intervals of b/2 (Lipson & 
Cochran, 1953). 
The powder spacing data of hollandite (J 941) are 
almost identical with those reported by BystrSm & 
BystrSm (1950). The indexing with the above cell dimen- 
sions is shown in Table 1. The chemical analysis of 
hollandite (carefully isolated well-developed crystals, 
J 941) by B. D. Sarma in this laboratory gives in percent- 
age MnO~ = 65.92, MnO = 5.44, Fe203 = 12.02, A1203 = 0.50, 
BaO =16.08, H20 =none, total=99"96. The spectrum 
analysis shows traces of Si, K, Pb, Na, Mg, Ca and 
minute traces of Cu, Ti, :Ni, Co, Bi, Sb, Li, Sn, In, Ga 
and Ge. The number of atoms in the unit cell per 16 
oxygen atoms comes out at Mn4+=6.26, Mn~+=0"63, 
Fe=l .24 ,  Ba--0.87, AI=0.08 and the formula may be 
taken as BaFeMn~O16, where Mn and Fe are present in 
different valency states. With the above values of axial 
lengths and the angle fl, (V=571 j~3), and the density 
4.92 g.cm. -a for hollandite (determined for the crystal, 
J 941), the number of molecules per unit cell comes out 
to be Z=2.03.  The axial lengths and angle determined 
for a single crystal of hollandite (Museum :No. K 302, 
collected by H. J. Winch from Kajlidongri) are 
a=10.03, b=5.76, c=9.90/~;  f l=90 °42'.  
The chemical analysis of this ho]landite by Winch (1909) 
gives Mn 4+ = 6-29, Mn 2+ = 0"60, Fe = 1.10, Ba = 0"96, A1 = 
0" 15 (H20 nil). With the values of axial lengths and angle 
fl, (V = 572 ,~a), and the density 4.94 g.cm. -a (determined 
for the crystal, K 302) Z comes out to be 2.04. 
BystrSm & Bystr(im observed that all the weak re- 
flexions in the powder photographs of Swedish hollandite 
I I  could not be indexed with the same set of crystal 
elements uggesting the presence of another phase of 
hollandite in this specimen. I t is, however, found possible 
to index all the reflexions with the same cell reported 
by BystrSm & BystrSm if the b axial length is doubled. 
The author sincerely thanks the Director for permission 
to publish these results, Dr B. D. Sarma for the chemical 
analysis, and Dr B. S. Basak of the Presidency College, 
Calcutta, for valuable discussions. 
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A pre l iminary  c rys ta l lograph ic  invest igat ion  of  1 -pheny lhydanto in  and  three  der ivat ives  of  
u rac i l . *  By RAYMO~VD GERDIL, Gates and Crellin Laboratories of Chemistry, California Institute of Technology, 
Pasadena, California, U.S.A. 
(Received 6 
A preliminary investigation has  been made of the 
crystallographic data of 4-methyl-5-ethyluracil (I), 4- 
methyluracil-5-acetic acid (II), 4-methyl-5-methylamino- 
uracil (III), and 1-phenyLhydantoin (IV). The lattice 
constants and space-group data were obtained from 
rotation and Weissenberg photographs; the determina- 
tions were made on the basis of one crystal setting for 
each species, and the measurements were corrected for 
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film shrinkage. The angular constants of the direct cells 
were determined by the method of angular lag (Buerger, 
1942): from measurements on (1) an equi-inclination 
photograph of the first layer in monoclinic ases, (2) a 
composite anti-equi-inclination photograph (of the zero 
and first layers, respectively) in triclinic cases. The crystal 
densities were determined by flotation. The errors are 
estimated to be about _+ 0.05 /~ for the linear constants 
and about _+ 0 ° 20' for the angular constants. 
(I) :NHCONI-IC(CI-I3):C(C2I-Is)CO crystallizes in two 
I .I 
different habits with two different unit cells according 
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Com- 
pound Space group a 
I (a) P1 or P1 4.83 A 
(b) P1 or P1 9.51 
I I  P21/v 4-88 
I I I  P21/c 4.72 
IV P1 or P1 9.45 
Table 1. Crystallographic data 
b c a fl ? ~o Z Qc 
7.45 /~ 11.7 A 92 ° 30' 99 ° 55' 108 ° 00' 1.30 2 1.30 
13.0 16.1 129 ° 50' 94 ° 55' 94 ° 10' 1.31 8 1.35 
12.63 12-89 - -  103 ° 23' - -  1-57 4 1-58 
23.64 10.14 - -  132 ° 47' ~ 1.35 4 1.35 
14-38 15.49 121 ° 25" 108 ° 10" 91 ° 30" 1.38 8 1.39 
to the condit ions of growth;  both latt ices are triclinic. 
(a) Acicular  crystals were obta ined f rom aqueous solu- 
t ions evaporated  at  room temperature .  The shortest  un i t  
t rans lat ion occurs along the needle axis. (b) Wel l -shaped 
paral le lepipeds were grown from concentrated aqueous 
solut ions slowly evaporated at 50-60 °C.; the crystals 
were f i l tered f rom the hot  mother  l iquor. 
(II) NHCONHC (CH3) :C (CH2C00H)C0 recrystal l izes 
I I 
f rom water  in the form of pr ismatic  needles. The shortest  
uni t  t rans lat ion lies paral lel  to the needle axis. 
( I I I )  NHC0:NHC(CH3) :C( :NHCH3)C0 crystall izes in 
I I 
the form of p laty  orange crystals by  slow evaporat ion 
of an aqueous solution at room temperature .  
(IV) N (C6Hs)CONHCOCH 2 forms large b laded crystals 
I I 
which were easily obtained by recrystal l izat ion from water  
with the a axis chosen parallel to the main  morphological  
axis of the crystal.  
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Recent ly  Sutor (1958) has determined the crystal  struc- 
ture of caffeine and ref ined it by the use of data  of the 
type h/c0 and hk l .  A surprising result was the f inding that  
a l though the h/c0 data  indicated the presence of about  
80 % of a water  molecule of crystal l izat ion per molecule 
of caffeine, the h/el data  indicated the presence of only 
40 % of a water  molecule.  Sutor suggests that  the crystals 
may lose water  dur ing the process of photography,  but  
points out  that  she was unable to detect  any change in 
unit-cel l  d imensions or density.  
A further  surprising result of the st ructure determina-  
t ion was the ext remely - - indeed,  proh ib i t ive ly - -shor t  
d istance of about  2.25 /~ between ad jacent  sites of the 
water  molecules, which form chains along the c axis; 
Sutor points out that  if the water  molecules were equal ly 
spaced along the c axis w i th  only 80 % of them present  
the OH. . -O  distance would then be about  2-7 A; 
however,  such an ar rangement  would either lead to ad- 
dit ional  layer lines (if the spacing were coherent  wi th  
respect to the repeat  distance co) or the contr ibut ion of 
the water  molecules to the h/c 1 data  would vanish (if the 
spacing were incoherent  or the ar rangement  were dis- 
ordered). Fur thermore ,  such a st ructure would not  be 
consistent wi th  the hydrogen bond between the water  
molecule and N9 of the iminazole ring. 
We propose an a l ternat ive ar rangement  for the water  
molecules which agrees with all evidence cited by  Sutor 
and which is based on an analogy with the distr ibut ion 
* Contribution No. 2490 from the Gates and Crellin Labo- 
ratories of Chemistry. 
Aided by a grant from The l~ational Foundation. 
August 1959) 
of the water  molecules in the crystal  s t ructure of thymine  
monohydrate  (Gerdfl, 1960). In  our proposed ar rangement  
the water  molecules form relat ively short  zig-zag chains 
with a more reasonable OH. . .  O distance. A l though 
with in  each chain the posit ions of the several water  
molecules are fixed, the overall  s t ructure can be p ictured 
in terms of a random distr ibut ion of sites about  an 
average posit ion. 
We first assume that  all crystals of the hydrated  caf- 
feine contain approx imate ly  the same amount  of water - -  
p resumably  about  80% of a molecule of water  per  
molecule of caffeine. The fact that  the hk l  data  indicate 
the presence of only 40 ~/o of a water  molecule can then 
be explained in two ways:  (1) the water  molecules 
have a large anisotropic temperature  factor such that  
exp ( - -? l  2) =exp ( - -7 )=½;  (2) the water  molecules are 
d istr ibuted in a random fashion over a number  of sites 
hav ing vary ing  z coordinates but  with a wel l -def ined 
average coordinate (zo) of about  0.258 (Sutor, 1958). 
The root mean square d isp lacement of the water  molecule 
as impl ied by the anisotropic temperature  factor in (]) 
would correspond to about  0.7 /~, clearly an improbable 
value if to be at t r ibuted  to the actual  thermal  movement  
of a single atom. However ,  as pointed out in the crystal  
s t ructure of thymine  monohydrate  (Gerdil, 1960), such 
an apparent ly  high anisotropy can be s imulated by  a 
localized disorder of the type described under  (2). In  the 
case of thymine,  where a similar a r rangement  of water  
molecules eems to prevail ,  the electron densi ty associated 
wi th  the water  molecule,  calculated from complete 
three-dimensional  data,  is h ighly e longated in the direc- 
t ion of the chain of water  molecules and the apparent. 
